In March and April 2018 we surveyed amphibians and reptiles in two Proposed Protected Areas (PPAs) in Liberia. In the Krahn-Bassa Proposed Protected Area (KBPPA) in eastern Liberia 36 species of amphibians and 13 species of reptiles were recorded. In the Foya Proposed Protected Area (FPPA) in western Liberia 39 species of amphibians and 10 species of reptiles were recorded. The encountered herpetological communities in both sites were typical for West African rainforests. However, some species indicated disturbances, in particular at the edges of the study areas, the surrounding villages and plantations, and old artisanal gold mining sites within forests. Of particular conservation interest was the discovery of a high percentage of typical rainforest specialists with ranges restricted to the western part of the Upper Guinea rainforest biodiversity hotspot. Outstanding discoveries in KBPPA were two new species of puddle frogs, and the first country record for the arboreal, parachuting lizard Holaspis guentheri. Remarkable records in FPPA comprise a new species of stiletto snake, a new puddle frog and records of various frog species typically breeding in undisturbed rainforest streams, such as Odontobatrachus natator and Conraua alleni. Both study areas comprise an important proportion of the remaining rainforests in the Upper Guinea forest zone. The new discoveries indicate that within this biogeographic area, southeastern and western Liberian rainforest may still hold various undiscovered species and species of conservation concern. Further surveys in KBPPA and FPPA and nearby forests should clarify the distribution and conservation status of the new taxa.
Introduction
Amphibians and reptiles are amongst the world's most endangered organisms. Reasons are manifold, but the most important ones are unarguably habitat destruction, conversion, and fragmentation, presumably followed by pollution, disease and climate change (Stuart et al. 2004 (Stuart et al. , 2008 Böhm et al. 2013) . Amphibians in particular are very sensitive fauna is unique, and amongst the very few regions in the World where the chytrid fungus (Batrachochytrium dendrobatidis) has not yet been detected (Penner et al. 2013 ). However, these authors have likewise shown that many areas of presumed exceptional amphibian diversity, i.e. in Liberia, are within regions of intense logging and mining activities and not safeguarded by any protected area (Penner et al. 2019) . The Krahn-Bassa Proposed Protected Area (KBPPA) in eastern Liberia and the Foya Proposed Protected Area (FPPA) in western Liberia fall within these regions of little or no official protection and predicted high amphibian diversity. However, so far no herpetological survey has targeted KBPPA and FPPA in order to verify the predictions by Penner et al. (2019) . We aimed to start closing this knowledge gap by surveying some regions within the KBP-PA and FPPA for amphibians. We likewise aimed to record all reptiles which we encountered. However, in particular snakes are much more difficult to observe than amphibians and we did not expect an as complete figure of species richness for reptiles as it could be expected for amphibians.
Herpetological research in Liberia
Compared to neighboring Côte d'Ivoire, the herpetofauna of Liberia is only poorly known, although herpetological specimens from Liberia have been reported as early as the beginning of the last century (Johnston 1906) . The most important herpetological surveys took place in the mid-1920s to early 1940s; most notable were the expeditions of the Museum of Comparative Zoology at Harvard and the Smithsonian Institution, which resulted in the description of various new frogs and one gecko Loveridge 1927, 1930; Loveridge 1941) . The French ichthyologist and herpetologist Paul Chabanaud surveyed mostly what is now the Republic of Guinea, but also described species from present-day Liberia (Chabanaud 1921) . Likewise, the French Jean Guibé and Maxime Lamotte dealt predominantly with the fauna of the Guinean part of Mount Nimba, but included Liberian material in their papers (Guibé and Lamotte 1958a, 1963) . From the Liberian part of Mount Nimba a second species of viviparous toad, Nimbaphynoides liberiensis, was described (Xavier 1978) , which was, however, later synonymized with the Guinean populations (Sandberger et al. 2010) . Further Liberian records and new species were published by Parker (1936) and Taylor and Weyer (1958) . Some amphibian species have been also made known through the work of parasitologists (e.g. Euzet et al. 1969 ). An important boost to the discovery of West African amphibians in general, and treefrogs in particular, was due to the work of the Belgian Raymond Laurent and the Dane Arne Schiøtz. The latter also worked and collected in Liberia (e.g. Laurent 1958; Schiøtz 1967 Schiøtz , 1968 . These early discoveries were followed by a longer period without any herpetological data from Liberia. Liberia was always hard to access due to the lack of infrastructure such as roads in most parts of the country, but from 1989-2003 a particularly brutal civil war stopped all scientific exploration within the country. Only in 2005, on a Rapid Assessment organized by Conservation International, Annika Hillers surveyed amphibians and reptiles in three Liberian forests, reporting five frog species new for the country (Hillers and Rödel 2007) . More recently Rödel et al. (2009a Rödel et al. ( , 2010 described two new frog species from the Liberian part of Mount Nimba, one of which was later also recorded in the more southern Putu Range by Nopper et al. (2012) . In recent years many surveys in various Liberian regions were undertaken by numerous researchers, usually working as consultants for logging and mining explorations. Unfortunately, none of these results have been so far made publicly available.
Material and methods

Study sites, study periods and sampling effort
Both study areas were surveyed during the beginning of the rainy season. The Krahn-Bassa Proposed Protected Area (KBPPA) is located in southeastern Liberia, across the Grand Gedeh, River Cess and Sinoe counties. The nearest larger town is Zwedru. KBPPA comprises 290,167 ha within the larger Krahn-Bassa National Forest (WCF & FDA 2017) . We surveyed KBPPA on 23-26 March 2018 (Camp 1, in the north of the area; 06°02'39.9"N, 008°20'03.6"W) and 28-31 March 2018 (Camp 2, in the central-eastern part of the area; 05°39'02.1"N, 008°39'05.0"W). KBPPA is part of Liberia's two remaining forest blocks, the Taï-Grebo-Sapo forest complex (Taï being the largest remaining rainforest in neighboring Côte d'Ivoire). It consists of primary forest with high canopy cover, although the edges of the forest are partly heavily degraded by logging and agricultural encroachment. Most prominent signs of human activities in the core forest area were former artisanal gold mining pits and up to an average of one cartridge per 100 m, indicating a very high hunting pressure. Both camps were near a larger river. The surrounding forest was in good shape and comprised slightly undulating hilly areas with drier parts of high canopy forest, swampy areas in the valley and some smaller streams on sandy and rocky ground. In total we invested 142 person/hours (four persons working simultaneously) searching for amphibians and reptiles (Table 1) .
The Foya Proposed Protected Area (FPPA) in western Liberia is the extension of the remaining block of the Gola Rainforest National Park in Sierra Leone and the Gola Forest National Park in Liberia. We surveyed areas in the north of FPPA on 4-6 April 2018 (Camp 1, ca 3 km south of Ducorbond; 08°00'46.0"N, 010°25'32.1"W) and 7-9 April 2018 (Ducorbond village; 08°02'37.9"N, 010°24'35.1"W). The forest is still partly primary (Fig. 1b) but was affected by logging since the 1980s. Huge areas around villages and along a road connecting to the Sierra Leonean border are cleared from forest and turned into agricultural land (Fig.  1d) , i.e. swamps into rice paddies. The forest still maintains high canopy cover and a high proportion of timber trees (SCNL 2017), however, traces of extraction of single, high value timber trees, as well as vast areas of artisanal gold mining were frequently found in various places (Fig. 1c) . Most of the terrain is hilly, and in part, with steep slopes. Small to larger forest streams are present, some with torrent water and large boulders. Signs of hunting were present, but to a much lower degree than in FPPA. In total we invested 115 person/hours (four persons working simultaneously) searching for amphibians and reptiles in FPPA (Table 1) .
Field work and vouchers
Amphibians and reptiles were recorded during visual and acoustic encounter surveys by four people. The surveys were undertaken during day and night. Searching techniques included visual scanning of the terrain and investigation of potential hiding places or very specific habitats (e.g. tree holes, small rivers, and waterfalls); for tadpoles we searched by dip-netting in all available potential breeding sites (Heyer et al. 1994; Rödel and Ernst 2004) .
Our sampling design only provided qualitative and semi-quantitative data. We therefore calculated the estimated species richness and, hence, our sampling efficiency with the Jackknife 1 and Chao 2 estimators using EstimateS (Collwell 2005) . These incidence based estimators were calculated based on the amphibian presence/ absence data of discrete survey units. These units consisted of surveys of 1.5-4 h each, by four people, in different parts of the two areas, assuming that sampling effort of survey units were comparable. To visualize species accumulation as a relation of sampling effort, and to avoid order effects, we calculated sample-based rarefaction curves of amphibian species richness (999 permutations) using Past2.17 (Hammer et al. 2001) .
The nomenclature for amphibians follows Frost (2018) , and for reptiles we follow Uetz (2018) . Vouchers were euthanized by either placing animals in a chlorobutanol solution (amphibians) or by putting some benzocaine paste (reptiles) in the mouth. After death, tissue samples (liver) were taken and preserved in 95% ethanol, the animals were injected with 75% ethanol. Voucher specimens and tissue samples are deposited in the zoological collection of the Museum für Naturkunde -Leibniz Institute for Evolution and Biodiversity Science, Berlin (ZMB).
Results
Commented species list
Numbers listed in brackets after study site abbreviations refer to voucher specimens (ZMB) and tissue (ZMB or RG numbers; RG = tissue only) accessioned in ZMB. In Table 2 we provide a summary of all species recorded in Krahn-Bassa Proposed Protected Area (KBPPA) and in Foya Proposed Protected Area (FPPA) with their preferred habitat, range, and IUCN Red List status.
Amphibia Gymnophiona Dermophiidae
Geotrypetes cf. seraphini (Duméril, 1859); KBPPA (ZMB 88492)
Three Geotrypetes species are known from West Africa (Taylor 1968) , which can be mainly distinguished by the number of primary and secondary annuli (body rings). The most common species is Geotrypetes seraphini, ranging from Sierra Leone to western Central Africa (Taylor 1968; Frost 2018) . The fossorial amphibians are usually found in swampy areas of the rainforest zone. We detected one specimen (bluish purple) in KBPPA at night, near the second camp below a stone, in a swampy zone with small creeks which were heavily disturbed by previous artisanal gold mining. Unfortunately, it managed to escape into the ground. A second, greyer and larger individual was found dead in the leaf litter close to a river (Fig. 2a) . As its hind part was apparently eaten by a predator, annuli counts were not possible in either specimens.
Anura Pipidae
Xenopus tropicalis (Gray, 1864); KBPPA (ZMB 88454, 88466); FPPA (ZMB 88504) An aquatic species of forests, degraded forests, and gallery forests in the moist savanna zone, which can be found from Senegal to western Cameroon (Rödel 2000) . Both adults and tadpoles were often found in natural waters but also in small water-filled pits resulting from gold mining. Both direct developing species occur in forest Rödel 2005, 2006 short and high-pitched, katydid-like calls. The calls usually sound as if they are coming from the canopy, and the frogs are extremely difficult to localize, although the males call fully exposed from the forest floor (M.-O.
Arthroleptidae
Rödel pers. obs.). Currently it is not possible to assign a valid scientific name to either of these species, as the taxonomy of this genus is not yet clarified (compare Rödel and Bangoura 2004; Blackburn 2010) . This species lives in the leaf litter along small rivers in primary and slightly degraded forest from Sierra Leone to Ghana Blackburn et al. 2008) .
Astylosternus occidentalis Parker, 1931; KBPPA (ZMB 88457); FPPA (ZMB 88519, 88550)
This species breeds in clear, in part fast flowing streams within the rainforest. However, adults may be also found at night in leaf litter far away from water. This species occurs in primary and slightly degraded forest of the western part of the Upper Guinea hotspot . It was particularly abundant in FPPA.
Leptopelis spiritusnoctis Rödel, 2007; KBPPA (ZMB 88437); FPPA (no voucher)
A very common small (males) to mid-sized (females) arboreal frog of degraded and primary forests. The quiet chucks and buzzes of adult males can be usually heard at night, a few meters up in dense vegetation near swampy areas (Schiøtz 1967; Rödel 2007; Rödel et al. 2014 ).
Leptopelis macrotis Schiøtz, 1967; KBPPA (ZMB 88439, 88440); FPPA (no voucher)
This is a large arboreal frog with distinct black, parallel bands across the back (Fig. 2b) . It lives high up in trees in primary forests of the Upper Guinea hotspot. Its meowing call can be heard along rivers (Schiøtz 1967; Rödel et al. 2014 ).
Leptopelis occidentalis Schiøtz, 1967; KBPPA (no voucher); FPPA (ZMB 88532)
This is a mid-sized treefrog of primary forest in the western part of West Africa, usually calling from a few meters up in trees, near swampy parts of the forest or forest ponds (Schiøtz 1967; Rödel and Branch 2002) .
Leptopelis viridis (Günther, 1869); FPPA (ZMB 88546)
This is a savanna treefrog which enters the forest zone in areas where forest has been cleared (Schiøtz 1967; Rödel 2000) . We heard the species frequently calling and found it around the village and in plantations around FPPA. This aquatic frog occurs in slow and fast flowing rainforest streams in the western part of the Upper Guinea forests (Lamotte and Perret 1968; Rödel and Branch 2002; Rödel 2003; Rödel and Bangoura 2004) . However, a complex of cryptic species seems to be hidden under that name (Hillers et al. 2008; M.-O. Rödel et al. unpubl. data) . As the species was described from Liberia, the records in both study areas should be the real C. alleni Loveridge 1927, 1930) . In a small, sandy to muddy stream in pristine forest of the FPPA, we collected unusually yellowish brown to reddish tadpoles, all belonging to this species, which had differing shapes and tail fins color (Fig. 2c, d ). Frogs were found in stagnant parts of streams.
Dicroglossidae
Hoplobatrachus occipitalis (Günther, 1858); FPPA (no voucher)
This is a large, fully aquatic species, which is widespread in savannas and degraded habitats throughout tropical Africa (Rödel 2000) . It is often consumed as food (Mohneke et al. 2010) , which was also confirmed by our guide for FPPA. We only heard it calling a few times in rice fields near the village next to FPPA.
Hyperoliidae
Afrixalus dorsalis (Peters, 1875); FPPA (ZMB 88525)
This is a leaf-folding frog of the West and Central African forest zone. In gallery forest it usually ranges far into savanna areas (Rödel 2007; Amiet 2012) . In the forest zone, it occurs in heavily degraded former forest, often in rice fields, and in swampy areas in secondary growth (Schiøtz 1967 (Schiøtz , 1999 . We detected it only outside real forest near the village next to FPPA or in areas which have been heavily degraded by former artisanal gold mining.
Afrixalus fulvovittatus (Cope, 1861); FPPA (ZMB 88539)
This is a leaf-folding frog of the West African forest zone, where it lives in heavily degraded former forest (Schiøtz 1967 (Schiøtz , 1999 Pickersgill 2007) . We detected it in plantations around FPPA and around rice fields near the village (Fig. 3a) .
Afrixalus nigeriensis Schiøtz, 1963; KBPPA (ZMB 88489); FPPA (ZMB 88524)
This is a typical leaf-folding frog of primary closed canopy forest. The frogs are usually calling from high up in trees near forest ponds (Schiøtz 1967 (Schiøtz , 1999 Rödel and Branch 2002 The calls of this treefrog are the most common nocturnal sounds along rivers in primary forests of the western part of the Upper Guinea forest zone (Schiøtz 1967 (Schiøtz , 1999 Rödel and Branch 2002; Rödel 2003; Rödel et al. 2004a ). We detected this species in both sites along all streams, from extremely small and slow flowing creeks to the edges of large or torrent rivers.
Hyperolius concolor (Hallowell, 1844); KBPPA (no voucher); FPPA (ZMB 88541-88543)
This reedfrog lives in degraded parts of rainforest, as well as in humid savannas. It is absent from closed canopy forest (Schiøtz 1967 (Schiøtz , 1999 Rödel 2000) . Adult females are green, and males are brown to yellow, often with a dark interorbital triangle, during the day. At night both sexes are more or less uniform yellow. Juveniles often exhibit a dorsal color pattern resembling other reedfrogs, such as H. picturatus, H. sylavticus, or H. zonatus (compare Fig.  4c with Figs 3c, 4a) . This small reedfrog occurs in the rainforest zones of western Africa (Schiøtz 1967 (Schiøtz , 1999 Rödel 1998; Amiet 2012) . Several subspecies have been described that might deserve full species status (Schiøtz 1967; M.-O. Rödel unpubl. data) . They are absent from closed canopy forest and most abundant in secondary growth and forest edges where they breed in swamps and ponds.
Hyperolius guttulatus Günther, 1858; KBPPA (no voucher); FPPA (ZMB 88531)
This is a reedfrog of the western African rainforest and southern savanna zone, where it usually lives in and around open ponds with densely vegetated banks. It avoids closed forest (Schiøtz 1967 (Schiøtz , 1999 Rödel 2000; Amiet 2012; Kouamé et al. 2015) . We detected this species in both areas but only in rice fields around the villages and in small ponds in parts of the forests which were heavily degraded due to prior artisanal mining activities. This reedfrog occurs in secondary growth and degraded forest habitats from Sierra Leone to central Ghana.
Hyperolius picturatus
It breeds in stagnant and slow flowing waters (Schiøtz 1967 (Schiøtz , 1999 Rödel and Branch 2002; Rödel and Bangoura 2004) . It seems to comprise at least two different species (Schiøtz 1967) . In KBPPA and FPPA, our female records were morphologically similar to animals from western Côte d'Ivoire in having a yellow belly, but males had green instead of yellow gular glands and almost transparent bellies (Fig. 3f) . Most specimens had brown backs with irregular to distinct sharp-edged, yellow dorsolateral bands (Fig. 3d) . Some showed brown backs with an hourglass pattern (Fig. 3c) ; thus, they are very similar to H. sylvaticus Schiøtz, 1967 and H. zonatus (Schiøtz 1967; Rödel and Branch 2002) .
Hyperolius soror (Chabanaud, 1921); FPPA (ZMB 88540)
This reedfrog is only known from the western part of the Upper Guinea forest zone. It seems to be more closely associated with primary rainforest than the related H. fusciventris (Schiøtz 1967 (Schiøtz , 1999 Rödel 1998 ). However, we detected one male frog at the forest edge of FPPA (Fig. 3b) . This reedfrog occurs only in primary forest (Fig. 4a ) from eastern Sierra Leone, southeastern Guinea, Liberia, to western and central Côte d'Ivoire (Schiøtz 1967 (Schiøtz , 1999 Rödel and Branch 2002; . It is best distinguished from the morphologically very similar H. sylvaticus by the small, white gular gland (in contrast to a larger yellow one) and the almost absence of an extendable vocal sac in males (Fig. 4b) . This species breeds in stagnant forest waters.
Phlyctimantis boulengeri Perret, 1986; FPPA (ZMB 88514)
This is a large treefrog of the western Africa forest zone and occurs at forest edges and along dense vegetation of larger ponds (Schiøtz 1967 (Schiøtz , 1999 Rödel et al. 2004a) . We found the species in FPPA only in forest areas, which were heavily degraded due to former artisanal gold mining (Fig. 4d) . We also heard them calling along open swampy areas near the village.
Odontobatrachidae
Odontobatrachus natator (Boulenger, 1905); FPPA (ZMB 88530, 88534)
The sable-toothed frog was, in part, very common along rocky creeks and rivers in primary and slightly degraded forests of FPPA. Morphologically similar species have been recently described within this genus (Barej et al. 2015) , but based on the ranges published of these species, we assign our records to O. natator.
Phrynobatrachidae
Phrynobatrachus alleni Parker, 1936; KBPPA (ZMB 88444)
This is a typical frog of primary and slightly degraded forests of the Upper Guinea forest zone (Guibé and Lamotte 1963; Rödel and Branch 2002; Rödel 2003; Rödel and Ernst 2004) . They have a very distinctive head shape and scapular ridges forming an X (the two 'arms' of the X are not connected in the center) which does not extend beyond half of the back. Males have distinctive bright-yellow throats and bellies, they reproduce in slow-flowing parts of small forest streams and puddles of swamps. Many different color morphs are known (M.-O. Rödel unpubl. data), and breeding males may turn completely yellow (Rödel 2003 These frogs are morphologically very similar to the previous species; however, adult males present distinctly different ventral coloration. These color differences are reflected by genetic differences (M.-O. Rödel and J. Glos unpubl. data). However, as P. alleni was described from Liberia and both taxa seem to be represented in the type series (M.-O. Rödel unpubl. data), it is so far unclear which of the two taxa represent the real P. alleni. The taxonomy of these frogs and the description of a new species will be the subject of a separate publication.
Phrynobatrachus calcaratus (Peters, 1863); KBPPA (no voucher)
These frogs comprise a complex of cryptic species (Rödel and Agyei 2003; Zimkus et al. 2010) , which have been reported from forests and forested savanna from West to western Central Africa (Rödel 2000; Frost 2018 ). We only detected one individual in the leaf litter of a dry river bed in a closed canopy forest in KBPPA. Unfortunately this frog escaped.
Phrynobatrachus fraterculus (Chabanaud, 1921); FPPA (ZMB 88506)
This is a species of degraded forest and forest edges in the western part of the Upper Guinea forest region (Guibé and Lamotte 1963; Rödel and Bangoura 2004; Blackburn 2005; Rödel et al. 2009c ). We found only one juvenile in FPPA.
Phrynobatrachus guineensis Guibé & Lamotte, 1962; KBPPA (no voucher)
This is a species specialized to breed in water-filled tree holes in rainforests . It is currently known from western Côte d'Ivoire, south-western Guinea and eastern Liberia (Guibé and Lamotte 1963; Rödel et al. 2004b; Hillers and Rödel 2007) . We found this species in low abundance and very patchily distributed in drier parts of the closed canopy forest in KBPPA.
Phrynobatrachus gutturosus (Chabanaud, 1921); KBPPA and FPPA (no vouchers)
This species was originally described from Sanikolé, Liberia (Chabanaud 1921 ). Currently, records are known from primary rainforest (Rödel and Ernst 2004) , as well as from savanna from various parts of West African (Rödel 2000; Nago et al. 2006 ). It apparently is a complex of cryptic species (Zimkus et al. 2010; Ofori-Boateng et al. 2018 ), but our records are likely the real P. gutturosus, as the type locality is in Liberia (Chabanaud 1921) . In both sites, usually near stagnant waters in primary forest, we heard this species' typical long buzzing call with single clicks at the end.
Phrynobatrachus cf. gutturosus/tokba; KBPPA (ZMB 88435, 88436)
In drier parts of primary forest, near camp 1 in KBPPA, we found numerous small Phrynobatrachus which mor- phologically were most similar to P. gutturosus and P. tokba (Fig. 5a ). Barcoding revealed that they were identical to Phrynobatrachus aff. gutturosus sensu Zimkus et al. (2010) . A taxonomic clarification of these frogs requires the revision of the P. gutturosus-complex (Ofori-Boateng et al. 2018).
Phrynobatrachus latifrons Ahl, 1924; FPPA (ZMB 88544, 88545)
This species occurs from heavily degraded rainforest habitats throughout all of West and western Central African savanna habitats into the southern Sahara (Rödel 2000; Trape 2015) . We found it near FPPA around the village in burned swampy areas which were being prepared to be turned into rice paddies.
Phrynobatrachus liberiensis Barbour & Loveridge, 1927; KBPPA (ZMB 88449, 88478); FPPA (ZMB 88495)
This is a species typical for swampy primary forests, where they occur near slow-flowing, often very shallow streams (Rödel and Branch 2002; Kouamé et al. 2018 ). This species was recorded from Sierra Leone to western Nigeria (Onadeko and Rödel 2009; Rödel et al. 2009b ). Several genetic lineages are known across its range (Kpan et al. 2018) , but the type locality is in Liberia (Barbour and Loveridge 1927) .
Phrynobatrachus phyllophilus Rödel & Ernst, 2002; KBPPA (no voucher); FPPA (ZMB 88502)
This is a characteristic species of swampy primary forest from eastern Côte d'Ivoire to Sierra Leone (Rödel and Ernst 2002b; Kouamé et al. 2008 Kouamé et al. , 2018 .
Phrynobatrachus plicatus (Günther, 1858); KBPPA (ZMB 88445)
This is a large species of Phrynobatrachus and is distributed from eastern Liberia to western Nigeria (Guibé and Lamotte 1963; Lamotte and Xavier 1966; Rödel et al. 2009b) . It inhabits primary and slightly degraded rainforest and often breeds in puddles of forest roads (Rödel and Branch 2002; Kouamé et al. 2018 ).
Phrynobatrachus 'sp. Gola'; FPPA (ZMB 88497, 88520, 88521)
This species is morphologically almost identical to, but genetically different from, P. plicatus (A. Hillers and M.-O. Rödel unpub. data) . It seems to be restricted to rainforests of the Sierra Leone-Liberia border region. A formal description of this species will be made in a separate publication.
Phrynobatrachus tokba (Chabanaud, 1921); KBPPA (no voucher); FPPA (ZMB 88503)
This small leaf-litter frog is known from western Guinea to Ghana (Guibé and Lamotte 1963; Rödel et al. 2004a Rödel et al. , 2005b Hillers et al. 2007 ). It deposits its clutches outside of water in moist leaves and has non-feeding, non-hatching tadpoles ). This species occurs in primary forest but is most abundant in degraded forests and may even enter moist savanna adjacent to forest (Rödel 2003; Rödel and Bangoura 2004; Ernst and Rödel 2005) . We heard it very frequently calling along forest edges and open forests at both sites.
Phrynobatrachus villiersi Guibé, 1959; KBPPA (ZMB 88448, 88473)
This is a very small leaf-litter frog, which is known to occur patchily from Ghana to Liberia in swampy parts of primary rainforest (Guibé 1959; Rödel and Branch 2002; Hillers and Rödel 2007; Ernst and Rödel 2008; Hillers et al. 2009 ). The record in KBPPA is only the second record of this species in Liberia (Hillers and Rödel 2007) .
Ptychadenidae
Ptychadena aff. aequiplicata; KBPPA (ZMB 88441,
88442, 88455); FPPA (ZMB 88510)
This is a typical rocket frog of leaf litter of lowland rainforests with terrestrial egg deposition . In contrast to previous assumptions (Guibé and Lamotte 1957, 1958b; Perret 1966 ), this species is not continuously distributed from West to Central Africa, but comprises various genetic lineages (M.F. Barej and M.-O. Rödel et al. unpubl. data) . In KBPPA, we found frogs from two clades, ZMB 88441/88442 and ZMB 88455, respectively. ZMB 88510 from FPPA belonged to the same clade as ZMB 88455. The taxonomy of these frogs is currently being revised.
Ptychadena cf. bibroni (Hallowell, 1845); KBPPA and FPPA (no voucher)
This is a typical rocket frog living in savanna and degraded forest habitats, where it breeds in stagnant puddles and pools (Rödel 2000) . We heard this species at the edges of forest and along the banks of a large river. As we could not collect a voucher, our identification is based on call characters only. (Peters, 1870) This forest frog prefers open areas and puddles on forest roads where they may congregate to large choruses (Guibé and Lamotte 1954; Rödel 2000) . We often found this species in former artisanal gold mining areas (Fig. 1c) .
Ptychadena longirostris
Ptychadena mascareniensis-complex; FPPA (ZMB 88535-88538)
This is a complex of rocket-frog species ranging across the whole of sub-Saharan Africa, Madagascar, the Seychelles, and the Mascarene Islands (Vences et al. 2004; Zimkus et al. 2017) . The various lineages all live in open savanna-like habitats and often in rice paddies (Rödel 2000; Glaw and Vences 2007) . We found it exclusively in the rice paddies surrounding the village near FPPA. Frogs of both sexes had either brown or green vertebral bands, even when coming from the same habitat (Fig. 5c, d ).
Ptychadena sp.; FPPA (ZMB 88505, 88548, 88517, 88518)
We found these frogs (Fig. 5b ) in very heavily degraded forest in areas of former artisanal gold mining, where they occurred along the banks of a medium-sized river. We heard their very distinctive croaking advertisement call in swampy areas around the village near FPPA. We have been unable to assign them to any of the described West African species of Ptychadena (Guibé and Lamotte 1957, 1958a; Ohler 1997, 2000; Perret 1997; Rödel 2000) .
Pyxicephalidae
Aubria subsigillata (Duméril, 1856); KBPPA (ZMB 88433, 88434)
This is an aquatic frog, known to feed, amongst other prey, on small fish (Knoepffler 1976 , Hughes 1979 ). The taxonomy is not entirely clear (Ohler and Kazadi 1990) . West African populations have been described as A. occidentalis (Perret 1994 ), but were later synonymized with A. subsigillata by Ohler (1996) . According to our experience specimens with red or beige colors occur across all habitats (Assemian et al. 2006 , Rödel et al. 2005a , 2007). We found various individuals of this species in an isolated part of a river in primary forest of KBPPA. The shallow to deep pond had no vegetation, neither on the banks nor submerged. The frogs were sitting along the sandy banks, instantly jumping into the water when disturbed (Fig. 1a) .
Ranidae
Amnirana 'albolabris-West'; KBPPA (ZMB 88438, 88458); FPPA (ZMB 88512, 88549; tadpoles: 88528) This is a median-sized to large leaf-litter frog which was believed to range from forested West Africa into western East Africa. Very recently Jongsma et al. (2018) showed that the Upper Guinea populations are a separate, undescribed species, which is the oldest lineage of the entire clade.
Amnirana occidentalis (Perret, 1960); FPPA (ZMB 88501)
A large leaf-litter frog patchily distributed along rainforest streams of the Upper Guinea forests (Perret 1960 , 1983 , Rödel and Branch 2002 , Rödel and Bangoura 2004 , Rödel et al. 2004a , Hillers and Rödel 2007 .
Rhacophoridae
Chiromantis rufescens (Günther, 1869); KBPPA (no voucher); FPPA (ZMB 88516)
This is a complex of treefrogs which is widespread in West and Central African rainforests (Schiøtz 1999; Amiet 2012; A. Leaché et al. unpubl. data) . In contrast to all other West African frogs, they deposit their eggs in foam nests above water to minimize predation. In West Africa, monkeys are known to feed regularly on these nests and may be the main predator of this species (Rödel et al. 2002) . We found this species at both sites along stagnant rivers, near forest ponds, and in puddles, in primary as well as in highly degraded parts of the forest, including areas which have been heavily transformed by previous artisanal gold mining (Fig. 5e ). These records are only the third and fourth records of this species in Liberia (Hillers and Rödel 2007; Hillers 2013) .
Reptilia Testudines Trionychidae
Trionyx triunguis (Forskål, 1775) ; KBPPA (no voucher)
According to our guide, these large soft-shelled turtles use a particular sandbank of one large river as their breeding site in KBPPA. We confirmed the presence of this species there by a carapace kept in the nearby village. This species is widely distributed in rivers and forests along Africa's western coast, but it is rarely encountered. It has been previously reported from Liberia (Gramentz 2005) .
Crocodylia Crocodylidae
Osteolaemus tetraspis Cope, 1861; KBPPA (no voucher)
We encountered an adult specimen (103 cm length) of this threatened dwarf crocodile at night, near a swampy part of primary rainforest in KBPPA. This species was believed to be widely distributed in forests of West and western Central Africa (Villiers 1958; Trape et al. 2012) , where it lives in rainforest, but it may be encountered further north, following gallery forests deep into the savanna zone (Rödel and Garbow 1995) . Recent analyses suggest that West Africa is inhabited by two species of dwarf crocodiles, which are both distinct from the Central African O. osborni Schmidt, 1919 (Brochu 2007 Shirley et al. 2014) .
Sauria Agamidae
Agama agama (Linnaeus, 1758); KBPPA and FPPA (no voucher)
These common rock-and tree-dwelling lizards (Trape et al. 2012) were often observed in all villages and all disturbed non-forested areas in both sites. We observed no other rainbow agama during our survey. We identified the species as A. agama, following Trape et al. (2012) . However, more recent work by Leaché et al. (2014 Leaché et al. ( , 2017 on the systematics of these lizards suggest that Agama picticauda Peters, 1877 is likely the valid name for our populations.
Gekkonidae
Hemidactylus fasciatus Gray, 1842; KBPPA (no voucher)
This widespread West African forest gecko (Trape et al. 2012; Wagner et al. 2014 ) was only observed once at night on the base of a tree trunk. This was in an area impacted by former artisanal gold mining.
Hemidactylus muriceus Peters, 1870; KBPPA (ZMB 88450); FPPA (no voucher)
This is a widespread species in western African forests (Trape et al. 2012 ), which we occasionally encountered in both sites at night on smaller trees and shrubs or even in the leaf litter (Henle and Böhme 2003) .
Lacertidae
Holaspis guentheri Gray, 1863; KBPPA (ZMB 88471,
88472)
This is an arboreal lizard of West and Central African rainforests and occurs east to Uganda (Spawls et al. 2004; Trape et al. 2012) . We collected two specimens during the day in a clearing in the KNPPA while they were chasing each other to the ground. This represents the first record of this elusive lizard for Liberia ( Fig. 6b-d ).
Scincidae
Cophoscincopus simulans (Vaillant, 1884); FPPA (ZMB 88500, 88507, 88509)
Water skinks were occasionally encountered in the leaf litter along small streams in primary forest of FPPA (Fig. 6a) . They are widespread in West African rainforests Trape et al. 2012) .
Trachylepis affinis (Gray, 1838); KBPPA and FPPA (no voucher)
This skink is frequently seen in clearings or degraded parts of the forest. This species-complex is widely distributed in forests (rainforest and the humid savanna zone) of West and Central Africa (Freedman et al. 2010; Trape et al. 2012; Allen et al. 2017; Uetz 2018) .
Trachylepis maculilabris (Gray, 1845); KBPPA and FPPA (no voucher)
This skink is broadly distributed throughout Africa (Trape et al. 2012; Uetz 2018) . We found it at both sites, usually in forest clearings. For a key to West and western Central African Trachylepis, see Allen et al. (2017) . 
Varanidae
Varanus ornatus Gray, 1845; KBPPA and FPPA (no voucher)
We observed adult specimens foraging during the day in the leaf litter of drier parts of the rainforest. The validity of this taxon was recently doubted, and it was consequently synonymized by Dowell et al. (2015) with V. niloticus (Linnaeus, 1766), although distinct genetic lineages were found within their samples (Uetz 2018 ). As we (here and elsewhere in West Africa) can easily assign monitor lizards to either V. niloticus or V. ornatus, following Böhme and Ziegler (1997) in considering the number of transverse rows of spots across body, the color of the tongue, and different ecological requirements (and in order to make later assignments of records to different taxa possible), we do not follow the arguments from Dowell et al. (2015) and treat our observations as being distinct from V. niloticus sensu stricto.
Serpentes Colubridae
Afronatrix anoscopus (Cope, 1861); KBPPA (ZMB 88469)
We collected at night in KBPPA one specimen of these common aquatic snakes. This species ranges from Senegal to Cameroon (Chippaux 2001) . Individuals of this species were foraging in ponds and puddles near a small forest creek originating from a former artisanal gold mining area.
Toxicodryas blandingii (Hallowell, 1844); FPPA (no voucher)
In FPPA, we observed at night a large adult snake high in the trees over a rocky torrential stream, apparently searching for food. The species has a wide distribution from Guinea in the west to Kenya in the east and mostly is living in forest habitats (Chippaux 2001) .
Lamprophiidae
Atractaspis sp. n.; FPPA (ZMB 88529)
We collected a stiletto snake at night in FPPA on the steep banks of a rocky stream in primary rainforest. A detailed comparison of characters among all described species of Atractaspis revealed that our specimens is an undescribed species. This taxon will be formally described elsewhere.
Boaedon lineatus Duméril, Bibron & Duméril, 1854; FPPA (ZMB 88547)
We found a juvenile snake in a degraded area near a small stream in a cleared area surrounded by forest. This species is widespread in forest and savanna habitats in West Africa (Chippaux 2001) .
Gonionotophis klingi Matschie, 1893; KBPPA (ZMB 88467)
This West African species lives in leaf litter in rainforests (Rödel and Mahsberg 2000) . Chippaux (2001) did not include it in his list of species in Liberia, but Uetz (2018) did include the country within its range. We caught our juvenile specimen at night in leaf litter in a drier part of the forest in KBPPA (Fig. 6e ).
Lycophidion nigromaculatum (Peters, 1863); KBPPA (ZMB 88468); FPPA (no voucher)
In KBPPA, this terrestrial, lizard-eating snake was found at night near a small pond in an area of former artisanal gold mining. In FPPA it was found at night climbing on a tree trunk which was bridging a small forest stream. This species lives in West African rainforests and is known from Ghana to eastern Liberia (Chippaux 2001) . According to Chippaux's (2001) map, our FPPA record would seem to be the westernmost record for the species. However, the species has been also found in the Gola National Park in Sierra Leone (M.-O. Rödel unpubl. data).
Viperidae
Atheris chlorechis (Pel, 1852); KBPPA (no voucher)
This is a species of small arboreal viper, which is widely distributed in the Upper Guinea rainforests (Rödel and Masberg 2000; Chippaux 2001 ). We observed several specimens of various ages in primary parts of KBPPA.
Additional species
In KBPPA we also found the skin of a large snake, most likely a forest cobra, Naja guineensis Broadley, Trape, Chirio, Ineich & Wüster, 2018 (Wüster et al. 2018 ). An adult forest cobra was observed in the morning on the main road, when driving back to Monrovia. We received reliable descriptions from our guides for the following species: slender-snouted crocodile (Rödel & Ernst, 2000) , Phrynobatrachus annulatus Perret, 1966 , Acanthixalus sonjae Rödel, Kosuch, Veith & Ernst, 2003 , Afrixalus vibekensis Schiøtz, 1967 , Kassina lamottei Schiøtz, 1967 , Kassina cochranae (Loveridge, 1941 , and Ptychadena superciliaris (Günther, 1858 
Amphibian diversity
Because our data for amphibians are much more complete than those for reptiles, we only analyse the former. We found at both sites combined a minimum of 49 amphibian species (1 caecilian, 48 anurans) but did not count cryptic species within, e.g., the P. aequiplicata-complex.
In KBPPA, we recorded 36 amphibian species (1 caecilian, 35 anurans), which were mostly forest specialists and included only a very few open-habitat species (Table 2) . Twenty-four species are only known from the Upper Guinea forests and half of them even only from the western part of this biodiversity hotspot. Less than a third of the species occur across West and western Central Africa (8 species) or have even larger ranges (2 species; Table 2 ). Of the species recorded, the majority is dependent on rainforest and has restricted ranges within West Africa. Only two species are listed by the IUCN as threatened (both Vulnerable; Conraua alleni and Phrynobatrachus villiersi). Most species are either not assessed or are lower risk, assessed as Near Threatened or Least Concern. Species richness estimators estimated species richness in KBPPA as 38.7 ± 3.5 (mean ± SD; Chao 2) and 43.4 ± 3.2 (Jackknife 1). This and the species accumulation curve (Fig. 7a) indicate that the species list is not complete but shows a good representation of the amphibian species community active in KBPPA at the time of the survey.
In FPPA, we recorded 39 amphibian species (all anurans), with most being forest specialists and less than a quarter typically from open habitats ( Table 2) . Twenty-five species are only known from the Upper Guinea forests, and half of these are known only from the western part of this biodiversity hotspot. Less than a quarter of the species occur across West and western Central Africa (8 species) or have even larger ranges (4 species; Table 2 ). Most species recorded in FPPA are dependent on rainforest and have restricted ranges within West Africa. Only two species are listed by the IUCN as being threatened (Vulnerable, Conraua alleni and Endangered, Amnirana occidentalis). Most species have not yet been assessed or they are lower risk, assessed as Near Threatened or Least Concern. Species richness estimators estimated species richness in FPPA as 53.0 ± 10.6 (mean ± SD; Chao 2) and 50.7 ± 4.7 (Jackknife 1). This and the species accumulation curve (Fig. 7b) indicate that the species list is not complete and that considerably more (> 10) species should be expected in the amphibian community in FPPA.
Discussion
Whereas we obtained a very good overview of the amphibian fauna, the reptile data are too incomplete to allow for meaningful discussions. We recorded a few interesting reptile species, but for snakes more than 50 species might be expected in both sites (e.g. Roux-Esteve 1969; Böhme 2000; Rödel and Mahsberg 2000) . Of special importance was our first country record of Holaspis guentheri and the discovery of a new species of Atractaspis. In the following we will focus on the amphibian data of our survey.
We recorded between 36 and 39 amphibian species at both sites, and we estimated the presence of another 15-20 species that we could not find. Compared to data available from other forest sites within the western part of the Upper Guinea forest region (Rödel and Branch 2002; Rödel and Bangoura 2004; Rödel and Ernst 2004; Rödel et al. 2004a; Hillers and Rödel 2007) , this estimate seems realistic. Given that we only surveyed for a short time in small areas, the estimates are likely to be at the lower range of what might be expected in these forests. Our data also support former findings, that the western part of the Upper Guinea forest hotspot has a higher amphibian species richness than the equally unique forests further east (Rödel and Agyei 2003; Rödel et al. 2005a Rödel et al. , 2007 Leaché et al. 2006; Hillers et al. 2009; Kpan et al. 2014) .
We found the amphibian and reptile fauna in KBPPA to be very similar, but not identical to that of Taï National Park in Côte d'Ivoire (Rödel and Ernst 2004; Ernst and Rödel 2006) . The two potentially new Phrynobatrachus species underline the uniqueness of KBPPA. In FPPA, the presence of an undescribed species of Phrynobatrachus, Odontobatrachus natator, and a potentially new species of Ptychadena, indicate a fauna similar to KBPPA, but still clearly distinct and including unknown species.
We conclude that both KBPPA and FPPA have very high conservation values, based on the amphibian species richness, which is due to the high proportion of forest specialists, species with restricted ranges, undescribed taxa, and our estimate that more species should be detectable. However, these areas were seriously affected by artisanal logging and mining, agricultural encroachment, and hunting. These principal threats lend urgency to the immediate protection of the remaining forests. As our data and the published faunal list of Hillers and Rödel (2007) show, the formerly vast rainforests of Liberia may harbor local species assemblages, including species new to science. This conclusion also applies to the whole country as well (compare predictions by Penner et al. 2019) , and therefore, the remaining areas of forest should be desperately surveyed, not only for amphibians and reptiles, but for as many animal and plant taxa as possible. Whenever possible, such efforts should include the training of Liberian biologists, who are needed to establish the necessary long-term expertise in the country for maintaining its unique biodiversity.
